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ABSTRACT

Tnis paper dsusess the need for an
accurate low wind speed measuring system
for the White Sands Missile Range Wind
Instrument Test Facility. It describes
a device that has been installed in the
facility and which operates on the
principle of periodic eddy shedding on
the down-wind side of a cylinder. Also
presented is the special readout system
developed for the device.

iii



Conom

PAGE

ABSTRACT- -

INTRODUCTION - - -

DISCUSSION- 

RESULT- - 13

ttEFERM:NCE -l -------- ------- 1



INTRODUCTION

Wind tunnels designed for low-speed operation in the ranges below
80 miles per hour are used for the calibration and testing of wind-
measuring equipment. A tunnel of this type is in use at White Sands
Missile Range (WSMR), New Mexico.

Facilities for this application have certain stringent require-
ments relative to the precision of the tunnel wind velocity control
and measurement. This is partictilarly true for wind speeds in the
range of 10 miles per hour and less. The WSXRE z-,ztem utilizes a
combination of impeller pitch and speed control to achieve incremental
adjustment capabilities of approximately 0.1 mile per hour in this
critical range. The instrument which has been found to measure the
wind speed most accurately at these values is the eddy shed hot wire
anemometer.

DISCUSSION

The eddy shed hot wire anemometer is based on the Von Karman
vortex street principle, which states, in essence, that when a
cylindrical object is placed in an air stream of parallel flow, there
will be developed, in the down-wind wake of the cylinder, periodic
fluctuations or eddys (Figure 1). These periodic eddys have a frequency
which is dependent on the diameter of the cylinder and the wind velocity
according to the relationship:

Y U
Frequency = (0.212 -- 4.5)

where Y = flow viscosity (Nominal value taken as 1. 6 2x10 " ft2/sec)

d = cylinder diameter in feet

U = wind velocity in fps

Ud = Reynolds number.

This holds for Reynolds numbers between 50 and 150. It is interesting
to note that the frequency is independeut of changes in wire character-
istics. Frequency variations with wind velocity for four different
cylinder diameters (.1233, .065, .032 and .020 inch) are shown in Figures
2, ,' , and 5: .- .. ...

Since these eddy frequencies follow such a close relationship o
wind velocl.ty, they offer a very accurate means of measuring air flow
in the vimd ti nel. The critical lower wind speeds are in the range
in which the eddy shed cylinders offer optimum operation.
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To utilise the effc .t dis-ssea, a read-not sensor is needed.
Past experimentation and heva. arie:i' a ,emotrated that the periodic
cooling of a heated wire pLaced in the wake of the cyiinder (F-Igrxe !)
provides a convenient means of :" she eddy frecraency. A photo-
graph of the system used at WSMR .s ' Ri i. F._.e 6. 'i2 s_
consists of f£or cylindera o f wires with the hot wire probe pianed
down wind. The probe can be placed b:M, any one of the cylinders
at the proper distance, this placeme:Lt beirng most critical on the
smaller wires. The entire -ant is placed iQ the test section of the
tunnel as shown in Figure 7.

One of the major problems is the vazr smrd.1 magnatide of the
signa developed, in n,' 'ire. 7t Sel rs ,_nnsiderable ampli I.cation
to allow operations of read.out devies. To achieve this amplificat on
satisfactorily, a special sensing and smplp g system has beeA developed
for the White Sands Wind Test Facility. This is shown in F.cve 8
with a circuit diagram im Figue 9. The seng wire is heated by a
three-volt dry cel' battery in series wi,,. Resistor R.. Te variations
in current caased by the peii cooling of -wr Ah rrsnlt in an,
alternating vo.tage appear:L2 a ,.os RI. This vtags approximates
a sinusoidal i~ction.

The minute voltage is * p..c into a ^t tramsister e

with a voltage gain of over 7000 (77 d) and sftielent o1ntuit to
drive any of the read-oct deices re,"n-e. it can be noted that
transistor base. bs nfo:t sed bee:se it vas found that
higher gain co ld be aa"''vd with<,'t it, and the umit is alvays
operated in a stable te,.'r re ezxr. met.

The entire amp_:l is co.tained in a J..-shelded tcubulsv
housing (Figure 10). M',he .. y exter a ele or. the inp t is the
heated wire and it is -omented by a caxl.. lead. not over 40 inches
in length. Tlis lay,'-:t aa'-ed a n Plctzp aznd
Input-to-utu issat a. T am...:l is .- red by an extezonl
nine-volt battery AMc op.erates the , several months. trat
cping is e e a S M to , c=l Mia-abl
length here is no't citoal l e . is not over "0 feet.

Frequenc-y ca. be meas:r-ed. by a.:. .- t'hL. eommooly .1%ed me&hoas.
TMo a.evices are employed 1lcsi1.y. (l.a a.e. a -eisLos .. e w.ith the
hot wire signa2. corneeted t. t:e '"rti a -l._.Ci.... a.- a.,, a :.:to
generator connected tc the >::.:izon.al. BL;" ' the ge::ator
freqoency and. 0yovin ng . .',-.. the eddy shcrs-'....
can be d.etermined.. A ...... .......... .. that appears t o fer
certain •tages, is a A g a diret calnd,
read cut and, utilizIng . -.-- .f-,. greater than u n second.,
an a7eraged value can be-a ol approach has prv o be
w.ch easier to rea. and rsh" . .' .. .a :ay .. , ",

Best Available Copy
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RESULTS

The system described has been in use for almost two years in the
White Sands Wind Test Facility and has proved to be the only reliable
method of measuring the low wind velocities. Stray signal pickup
has not been encountered, and signal output has been ample in the
required range. Limitations on the useable wind velocity ranges
are primarily due to two conditions. First, at velocities over about
12 miles per hour, the required cylinder diameter is too small to
produce eddys of measurable amplitude. Second, at velocities below
about 0.4 mile per hour the wind movement around the larger cylinder
becomes so random that readings are no longer possible. These con-
ditions do not limit the use of the tunnel bec~ase the threshold
velocity of most of the wind instrumentation tested is above about
0.7 mile per hour. In addition, above 10 miles per hour. a prandtl
tube and a mean velocity hot wire provide accurate measurements.
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supervision of the Environmental Sciences Directorate and is
published for the information and guidance of all concerned.
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